Introduction
Since reforming and opening up, especially after joining the World Trade Organization (WTO), China's foreign trade has developed rapidly, and China's economy has faced greater global competition (Antkiewicz and Whalley 2007) . As a result of cheap labour and huge manufacturing capacity, China has become a major exporter (Su, Regnière, and Su 2009 ). The Chinese economy has displayed characteristics of a high dependency on the global market that has led to a certain vulnerability in China's export growth. China's trade exports rose from $183.7 billion to $249.2 billion between 1998 and 2000, with an average growth rate of 18 percent ( Figure 1 ). After joining the WTO, China's trade exports increased on average 24.7 percent from 2001 to 2008. However, the global financial crisis had a huge impact on China's exports (Gauri and Qureshi 2013) , which led to a drop of $229 billion to about $1.20 trillion in 2009. China's export growth slowed to 9.6 percent. 1 This decrease in trade growth indicates some problems associated with China's traditional export market structure and growth model.
With further development of the economy and openingup policies, the ''One Belt, One Road'' (OBOR) development strategy was put forward to promote in-depth development of economic globalization as a new type of international and regional economic cooperation. OBOR refers to the Silk Road Economic Belt and 21st-Century Maritime Silk Road. This strategy is beneficial in resolving China's current excess capacity and adjusting the industrial structure, as well as improving China's export trade structure and maintaining trade growth.
The purpose of this article is to estimate the different margins of China's export growth. Specifically, the questions we consider focus primarily on which margin is the main reason for China's export growth and what kind of role OBOR countries play in China's exports. We address these questions using Harmonized Commodity Description and Coding Systems (HS) six-digit data collected in the UN Comtrade database from 1999 to 2013. To estimate various margins and calculate their contribution rates, we conduct a two-mode network dynamic analysis, followed by a comparative analysis, to highlight OBOR's contribution to China's export growth.
The article is laid out as follows: First, we review the literature. The literature review is followed by the ''Methodology'' and ''Data'' sections. The key results are discussed in the ''Results and Analyses'' section, which is followed by the ''Conclusion'' section.
Literature Review
The OBOR strategic concept was proposed only recently, and there have been few theoretical and empirical studies of this concept. In particular, no study has directly and effectively examined the impacts of various margins in relation to the OBOR development strategy.
For marginal growth in exports, some scholars use heterogeneity trade theory to break down a country's intensive and extensive margins for export growth to analyze the microstructure of trade growth. These margins are defined and decomposed differently depending on different focuses. Description and formulas are often used to illustrate their methods.
At the product level, the extensive margin mainly refers to the expansion of product categories, and the intensive margin mainly refers to the increase in quantity of existing export products (Amiti and Freund 2007; Badinger and Turkcan 2014; Chaney 2008) . At the enterprise level, the intensive margin refers to the increase in existing enterprise exports, and the extensive margin refers to new enterprises entering the export market (Eaton, Kortum, and Kramarz 2004; Melitz 2003) . At the country level, the intensive margin refers to the increase in trade within existing trade relationships, and the extensive margin refers to the change in a new relationship (Felbermayr and Kohler 2006; Luong and Chen 2016) . Some scholars further subdivide the two margins. For instance, Hummels and Klenow (2005) consider the price and quantity of products in the export trade structure, further dividing the intensive margin for a total of three margins.
Estimating the structural proportion of the intensive and extensive margins is important in explaining approaches to realizing trade growth. Different ways of measuring the margins exist for different research perspectives and data availability, which lead to different measurement results. The literature on this topic can mainly be divided into two categories. First, some scholars think that the extensive margin has a dominant position in export growth. For example, Eaton, Kortum, and Kramarz (2011) use data from a French company and find that changes in French exports were mainly from the extensive margin. Hummels and Klenow (2005) also obtain results on the basis of HS six-digit trade data from 1995. Using export data from different areas, Kang (2004) proves that the extensive margin had a bigger role in promoting export expansion than the intensive margin. Lawless (2009) proves the importance of the extensive margin with enterprise survey data from Ireland.
The second category of thought believes that the intensive margin plays a critical role in export growth. Using data on 24 developed and developing countries, Amurgo-Pacheco and Pierola (2008) find that 86 percent of export growth was from the intensive margin. Helpman, Melitz, and Rubinstein (2008) also find that the intensive margin is the main factor in export expansion.
China's export growth is a very important economic and academic issue. Scholars have researched the contribution of the two margins of China's export growth at the enterprise and product category levels. Chen, Chen, and Zhou (2012) research the relationship between dynamic development of export enterprises and export growth at the enterprise level. They conclude that China's export growth is mostly driven by the intensive margin. Using China's export data at the HS eight-digit level, Amiti and Freund (2007) prove that the intensive margin is the main driver of China's export growth. Qian and Xiong (2010) assert that the intensive margin substantially promotes China's export growth, whereas the proportion occupied by the extensive margin is tiny. Some other scholars also find that China's export growth is primarily achieved by means of the intensive margin (e.g., Sheng and Lv 2014) .
Scholars continue to search for the key drivers of China's export growth by decomposing the intensive margin. Shi (2011) decomposes China's export growth into three margins-the extensive margin, price, and quantity-by using data on China's export trade with 140 partners in 2001 and 2007. The study finds that China's export growth is mainly driven by quantity growth. Gao, Whalley, and Ren (2014) analyse the characteristics of China's export growth by using China's export data at the HS six-digit level. They find that China's export growth depends more and more on price increases and less and less on quantity expansion.
However, this decomposition approach ignores geographical diversification and product diversification, which may be essential in promoting sustainable economic development. Moreover, some scholars further decompose the extensive margin. For example, Sheng and Lv (2014) use micro-trade data from between 2001 and 2010 to estimate the various performances of China's exports. The results show that China's exports stem mainly from the intensive margin, with the extensive margin's limited contribution mostly manifested through the existing portfolio of products and markets rather than the diversification of new products and new markets.
In sum, the literature provides a solid foundation to explain export growth, but knowledge gaps remain. First, subdivisions and estimation of multiple margins are highly complex, and a systematic and concise framework is required to estimate multiple margins by adopting a dynamic products-markets two-mode network. Second, the literature on China's export growth has mainly covered two or three margins. More margins should be considered for a deeper and more thorough study of the topic. Third, the OBOR initiative is new, and more research is required to have a better understanding of its impact on China's export growth.
In this article, we analyze China's export growth from the perspective of the social network. First, we redistribute and re-estimate the intensive and extensive margins of China's export growth. On the basis of a dynamic products-markets and two-mode network, we build a systematic and concise framework analysis of export growth. Moreover, we subdivide export growth into five parts: the intensive margin, market expansion, market contraction, newly increased products, and discontinued products. Moreover, we estimate multiple margins of China's export growth and calculate their contribution rate to study the main source of China's export growth and the contribution of OBOR to China's export growth.
Methodology
Amurgo-Pacheco and Pierola (2008) and Berthelon (2011) subdivide the extensive margin from the perspective of geography (the market) and products. Building on this literature, we adopt topological relation changes of one country's products-markets two-mode directed weighted network to analyze export growth margins. In this article, the products-markets two-mode directed weighted network is an international trade network that includes both flows and directions, and it illustrates that one country's products export to global markets. This method has several advantages. It is a more concise and intuitive method to express various margins that make the definition more clear and the computation more convenient. It can analyze export growth more accurately and deeply. It also lays a solid analytical foundation for studying different markets' or products' contribution to China's export margins and exploration of the main source of export growth. Figure 2 shows China's products-markets two-mode trade network to illustrate different Chinese product exports to various markets around the world. It also considers the time factor and increases the time dimension from the products-markets dimension. Figure 3 shows the dynamic products-markets twomode network diagram. Products on the world market in Time 1 (T1) and Time 2 (T2) are constant products (e.g., Products 1-4), and products on the market in T1 that disappear in T2 are old products that exit the market. Products that are not listed in T1 but exist in T2 are newly increased products that begin to enter the market. Constant products can be further subdivided and taken into account. Constant products in T1 and T2 are called constant export markets. Constant products that do not exist in T1 but do exist in T2 are called new export markets, and products in T1 that disappear in T2 are called disappearing markets.
Thus, the original intensive and extensive margins of export growth can be decomposed for constant export markets of constant products (the intensive margin), new export markets of constant products (extensive margin; market expansion), exiting export markets of constant products (extensive margin; market contraction), old products that exit all markets (extensive margin; discontinued products), and new products that begin to enter the markets (extensive margin; newly increased products). The various margins of export growth can be represented by the following mathematical formulas: (1) where t is the period, i is the product, j is the country, and J is all export partners. x t, i, j is the export value for exporting product i to country j. a is an export partner country; k 1 is the intensive margin; and k 2 , k 3 , k 4 , and k 5 are the extensive margins for newly increased products, discontinued products, market expansion, and market contraction, respectively. Export growth can be remeasured using the dynamic products-markets two-mode network diagram using the multiple margins of export growth as follows:
Here, the trade value of export growth is the sum of the intensive margin, newly increased products, discontinued products, market expansion, and market contraction. The definition of the five margins is clear with no intersection, and it is beneficial for exploring the real sources of Chinese export growth.
On the basis of these methods, we can calculate the proportion of various growth margins in China (contribution proportions), and it is feasible to calculate the contribution proportions of various markets in China's export margins. Moreover, we can estimate the contribution proportions of different products in China's export margins by dividing the change in the productsmarkets relationship in some countries or products by the corresponding export growth margins. This method can support the subsequent study to analyze the contribution of separate countries or products to China's export growth.
Data
Basic information from the HS six-digit trade data is shown in Table 1 . From 1999 to 2013, there were at most 5,038 types of products at any point in time and at most 217 countries, 2 and there are a total of 4,346,373 trade relation records. The zero trade phenomenon is ubiquitous in a large number of empirical studies (Helpman et al. 2008) , and was also true here. The zero trade proportion in 1999 is 84.41 percent, and it had a declining trend from 1999 to 2013. It is worth noting that zero trade proportion declines with the increased degree of openness within the Chinese economy. Before China entered the WTO, zero trade proportion fell by an average of 1.76 percent. From 2003 to 2007, the first five years after China joined the WTO, zero trade proportion fell by an average of 2.1 percent, which was twice as large as before.
After that, as a result of the global financial crisis, the range of zero trade proportion decreases, showing a downward trend. The number of trade relations between China and other countries increased steadily during this time from 162,081 to 383,570, with an average annual growth rate of 6.4 percent (Figure 4 ). The total number of HS six-digit products fluctuates because of adjustments to the HS China's trade value with 64 OBOR countries steadily increases from 6.5 percent to 12.8 percent of China's total exports, and the number of export trade relations with OBOR countries accounts for one third of the total ( Figure 5 ). The proportion of relations in OBOR is much higher than the trade value, which indicates that the trade value has great potential for future growth.
Results and Analyses
Using the proposed decomposition method, we estimate China's export margins for each year from 1999 to 2013. We use the relations and contribution proportions of the marginal changes to explain the export growth structure. Figure 6 shows China's marginal change in export growth connections. The number of relations in the intensive margin and extensive margin all have an increasing tendency, but the growth rate of the intensive margin is much higher than that of the extensive margin. The number of relations in the intensive margin is twice that in the extensive margins from 2004 to 2005, but the number in the intensive margin becomes three times that in the extensive margins in 2013. This indicates that China's export growth is still based on existing constant products being exported to existing markets in bilateral trade, and the maintenance of these relationships is more active than other methods in the trading market.
Marginal Change of Relations
The number of relations in the intensive margin increases year by year and at a higher rate than the number of relations in the extensive margin. The gap between the two margins continues to widen. Market expansion and market contraction of the extensive margin show some increasing trend in the early years, followed by a slight decrease in the final years. There were fewer discontinued products and newly increased products than there was market expansion and market contraction. In some specific years, discontinued products and newly increased products had larger fluctuations as a result of adjustments in the HS six-digit classification, whereas the other years are fairly stable.
In China's export growth margin, the tendency of the number of trade relations with OBOR countries is generally consistent with the total marginal change (Figure 7) . The number of intensive margin relations grows rapidly in these years, and the margin is much higher than the extensive margin. Market expansion and market contraction have the second largest quantities, and the levels of discontinued products and newly increased products are nearly zero. The classification proportion of China's export network relations with OBOR countries is presented in Table 2 . The intensive margin, market expansion, market contraction, newly increased products, and discontinued products margins all play a role. The intensive margin, market expansion, and market contraction have bigger proportions that are around 30 percent. There is still a certain effect of the HS six-digit classification adjustment on the growth of newly increased products and discontinued products. Table 3 indicates that the intensive margin is the main reason for China's export growth. The contribution of the extensive margin is limited, although it rises steadily. However, its contribution to export growth has a declining tendency. The contribution of market diversification (market expansion and market contraction) is bigger than that of product diversification (newly increased products and discontinued products) when it comes to the contribution to the extensive margin, so market diversification is the main source of growth.
Marginal Change of Contribution Proportion
We focus now on three periods for the analysis: the time before entering the WTO (1999 WTO ( -2000 , the period after entering the WTO (2001 WTO ( -2008 , and the period of the financial crisis. The analysis indicates that the contribution of the extensive margin and each component is greater in the first period than in the other two periods. Export trade developed rapidly in 2003-2006 after China entered the WTO, and the intensive margin is the main source, accounting for 98 percent, whereas the contribution of the extensive margin comes mainly from market expansion (positive) and market contraction (negative). The financial crisis caused a considerable decrease in exports. 3 The contribution of the extensive margin is low, and it has a steadily declining tendency after the financial crisis. In contrast, the contribution of the intensive margin increases continually during the same period. The contribution proportion of China's export network with OBOR countries is shown in Table 4 . All margins account for a certain proportion of export growth. However, because of some factors such as coding adjustment and economic development, among others, the contribution proportion of product margins fluctuates and has a declining trend on the whole. For example, the newly increased products declined from 48.2 percent in 1999 to 21.3 percent in 2013. However, the contribution proportion of the intensive margin and market margins has an upward trend on the whole.
Contribution to China's Export Growth in Various Countries
To further understand the contribution of partners to China's export growth, we sort them on the basis of the contribution rate. For convenience, data from every five years between 1999 and 2013 are analyzed (Table 5) .
As can be seen in Table 5 , there are three types of country among the top 10. The first type is China's neighbouring countries, such as Malaysia, Indonesia, and Vietnam. Most of these countries are closer geographically and have smaller cultural differences from China than do other countries, so China's export products have higher acceptance. The second type is developed countries, such as the United States, Great Britain, and Germany. These countries have a large scale of economic development and export volume, and bilateral trade is frequent. The third type is underdeveloped countries with high market potential, such as Cuba and Tanzania.
Contributions from various countries have larger marginal differences in China's export growth, and there are some trends in the top 10 for different periods. First, the top 10 contributors to market expansion are mainly China's neighbouring Southeast Asian countries and some developed countries in the early stage. Then, some underdeveloped countries (e.g., Pakistan, Vietnam) come into the top 10 on the basis of geography and cost advantage. Later, Southeast Asian countries accounted for more of the top 10 countries. Thus, underdeveloped countries and China's neighbouring countries are the major market options for expanding China's export products. Second, top 10 contributing countries for market contraction gradually shift from Asian countries to European countries, accounting for half of the top 10 from 2012 to 2013. This may be related to exchange rates, trade friction, and other factors. Most of the rest are Asian countries. Although market expansion and newly increased products come into these markets, some products cannot be adapted to both the local market and other markets, which leads to market contraction.
Third, whether in the early or late stages, developed countries and neighbouring countries have demonstrated major contributions to the new product margin. Fourth, the top 10 countries in discontinued products are mainly Asian countries in the early stage. With the increase in China's trading partners, the old products and new products appear alternately, and the top 10 countries are distributed across various continents around the world.
In terms of the intensive margin, the main source of China's export growth, developed Western countries have larger contributions in the early stage. With the signing of renminbi bilateral trade agreements and the ChinaAssociation of Southeast Asian Nations Free Trade Area, association countries have become more prominent. In the past few years, countries with larger contributions to the intensive margin have mainly been concentrated in the developed countries and China's neighbouring countries. The United States and Japan are the main partner countries for China's exports, and they maintain a long-term relationship with China. However, Canada contribution to China's export growth is unstable. As one can see from Table 5 The results show that intensive margin and product margins of China's export growth are mainly concentrated in developed countries and neighbouring countries, and China's export growth market margins are more concentrated in underdeveloped countries and neighbouring countries. OBOR countries greatly contributed to China's export growth and, except for the discontinued products margin, they have made up more than 50 percent of the top 10 countries in recent years. The proportion of OBOR countries is low in the early stage, but with advantages such as low transport costs and cultural similarity, it gradually increased. For example, from 1999 to 2000, just two OBOR countries (Thailand and Iraq) were in the top 10, and the proportion of OBOR countries in market expansion was quite small. After that, OBOR countries such as Myanmar, Cambodia, Vietnam, Malaysia, and Saudi Arabia entered the top 10 for market expansion, and the proportion increased gradually.
In market contraction, the proportion of OBOR countries was about 50 percent over [1999] [2000] [2001] [2002] [2003] [2004] [2005] . Although a large number of products are exported from China to OBOR countries, many products cannot adjust to local markets. However, the financial crisis was a shock to China's export market, and the proportion of OBOR countries is small. After that, the top 10 countries in market development have been more concentrated in OBOR countries and some European countries such as Norway, Finland, France, and Italy.
Next, newly increased products are mainly concentrated in OBOR countries and neighbouring countries in the early stage because of transportation cost, cultural similarity, and other reasons. After China joined the WTO, trade liberalization and facilitation significantly increased, trade barriers were reduced, and new products gradually shifted to European markets. In more recent years, however, the advantage of joining the WTO has not been obvious. The geographical and cultural advantages are still the main factors affecting product export growth. The proportion of OBOR countries increased in subsequent years. In terms of discontinued products, the proportion of OBOR countries is smaller than for the other margins, but they still make up 30 percent of the top 10 countries between 2012 and 2013.
Finally, in terms of the intensive margin, in the early years the top 10 countries are mainly developed Western countries. After that, Russia, the United Arab Emirates, and some other countries come into the top 10, and the proportion of OBOR countries increases. From 2012 to 2013, the top 10 countries in the intensive margin are more concentrated in OBOR countries and some developed countries.
Policy Implications
On the basis of our analysis, the intensive margin has since the 1990s been China's principal method of promoting export growth, whereas the contribution of the extensive margin has been small. However, the intensive margin is volatile, and it can easily lead to fluctuation in economic growth (Hausmann and Klinger 2006) . The extensive margin can enhance the antirisk capacity of exports, slow economic growth fluctuation, and promote economic growth (Agosin 2009 ). Therefore, extensive margin is a necessary way to promote sustainable economic development, which is an important economic strategy and political agenda in China. Moreover, trade partners' economic scale, adjacency, and exogenous shocks have a major impact on China's export growth. On the basis of these elements, we make the following policy suggestions.
First, it is necessary to develop a diversified base of export products and markets to sustain healthy export growth. Extensive margin has good stability and is risk tolerant. Promoting extensive margin can thus reduce losses caused by external shocks, reduce dependence on other countries, and keep export rates stable and healthy. Therefore, when the government formulates policies, the change in export relations and export products can be considered a macro-level export quality indicator. That means it is important to promote diversification and balance in China's export structure while pursuing products' export scale.
Second, it is significant that China's exports accelerate the implementation of OBOR. The recently adopted OBOR development strategy facilitates the absorption of domestic excess capacity, promoting economic development of China's inland region and China's export growth. On the basis of our analysis, in recent years OBOR countries included 5 of the top 10 highest intensive margin countries, market margin countries, and newly increased products. China should push forward economic cooperation and trade with OBOR countries to enhance industrial development and steady growth of trade.
Third, Canada's contribution to China's export growth is unstable. The contribution of intensive margin from Canada between 2004 and 2005 was large. In recent years, although China has become the second largest trading partner of and the sixth largest source of imports to Canada, Canada's proportion of contributions started falling and left the top 10. We believe that this is a phenomenon worthy of note, and it is feasible and necessary to enhance bilateral cooperation, reduce the trade cost, and accelerate the development of an offshore renminbi clearing centre.
Conclusion
In this article, we estimate China's export growth margins on the basis of a dynamic products-markets twomode network dynamic analysis. This new approach provides the possibility of analyzing export growth more concisely in terms of the contributions of different partners to China's export growth.
This study finds that the intensive margin is a major part of China's export growth. This implies that China's export growth relies mainly on the increase in the quantity of existing products in main target markets. In addition, we find that there are huge differences in different countries' contribution of different margins to China. In particular, we show that OBOR countries have larger and growing contributions to China's export growth.
These results imply that it is feasible to promote China's export diversification and optimize its export structure.
It is worth noting that the approach presented in this study has the potential for further development in the future. We estimated China's export growth margins under a dynamic products-markets two-mode network. It is the first attempt to adopt a two-mode network perspective to analyze multiple margins. For future research, the analysis should be extended to test the influence of other factors such as a common language, national economic size, and geography. These factors are commonly found to affect bilateral trade. In addition, it may also be useful to further decompose the intensive margin into quality margin and price margin. These extensions will allow us to study export growth under a more systematic and comprehensive analysis framework. 
